Background and methodology This study aimed to investigate associations between area-level socioeconomic disadvantage (central heating, car ownership and residents in professional occupations), individual-level socioeconomic position (social class and educational qualifications) and contraception use in the UK for the period 1990-1991. Multilevel logistic regression analysis was conducted on cross-sectional data from the National Survey of Attitudes and Lifestyles of 9793 women, 16-59 years of age, residing in 646 postcode districts throughout the UK.
Introduction
Area disadvantage and socioeconomic position (SEP) are strongly associated with a number of health-related practices such as smoking, physical activity and diet. [1] [2] [3] [4] [5] [6] [7] [8] While there is a large literature on the association between socioeconomic characteristics of areas and contraception use in developing countries, 9-20 the authors are not aware of comparable studies that examine women's contraception use across their reproductive years in higher income countries such as the UK. Furthermore, only a small number of studies have assessed the role of individual SEP (such as education, social class and occupation) on contraception use in high-income countries. [21] [22] [23] In order to estimate both individual and area socioeconomic influences on contraceptive use and assess geographic variation in likelihood of contraception use, multilevel analysis is the most appropriate analytical technique as it allows simultaneous examination of individual and arealevel variation in individual outcomes. [24] [25] [26] In the USA, multilevel analysis of associations between various neighbourhood-level measures of socioeconomic context and birth control used by adolescents found females in neighbourhoods with more 'idle youth' (i.e. persons aged 16-19 years who were not in school or the armed forces, not high school graduates and not in the Discussion and conclusion Although more information is needed to understand how area and individual socioeconomic characteristics are associated with contraceptive use, this study suggests that policy on contraceptive use needs to be extended beyond individually targeted approaches and needs to take into account socioeconomic determinants of contraceptive use.
Keywords area disadvantage, contraception use, multilevel analysis, socioeconomic position labour force) were more likely to report that they did not use contraception at first or most recent sexual intercourse compared with females in neighbourhoods with lower concentrations of 'idle youth'. 27 In the UK, wide geographical variations in patterns of teenage pregnancies have been observed, with higher pregnancy rates found in more deprived areas and the proportion of conceptions ending in abortion higher in more affluent areas. 28, 29 Differences in rates of teenage pregnancy between more affluent and deprived areas in Scotland widened from the 1980s to the 1990s. 30 These area differences in pregnancy rates suggest variation in contraception use and sexual activity amongst teenagers across the UK; so much so that in 1999 the Teenage Pregnancy Strategy was introduced across 148 geographic areas (local top-tier authorities) with funding allocated according to conception rates. 31 This government initiative aimed to reduce teenage conceptions and lessen the risk of long-term social exclusion of teenage parents from educational, employment and other opportunities. 32 The policy succeeded in reducing conceptions in teenage populations, particularly in strategically-targeted areas, 31 and changing patterns of use of contraceptive services by the targeted group. 33 Although there has been no multilevel analysis of contraceptive use in the UK, there have been some multilevel analyses of teenage conception rates. Diamond et al. 34 found that area-level deprivation was associated with increased rates of conception and that access to specialised young people's family planning clinics was associated with reduced rates of conception; a relationship that was less strong in rural areas. However, Diamond et al. were only able to adjust for age at the individual level and it is highly likely that observed associations between area deprivation and contraceptive use are confounded by the socioeconomic characteristics of teenagers and/or their families. Nonetheless it is possible that contraception use varies geographically across the UK for all adult women of reproductive age due to a range of factors such as area differences in distance and access to services; the sociodemographic and socioeconomic population profiles of areas; and the socioeconomic resources of areas. This has important implications for policy and clinical practice. Policy, while implemented on a geographical basis in the case of the Teenage Pregnancy Strategy, has targeted a particular group and disparities in contraception use might occur across all reproductive ages. Understanding how contraception use varies by area-based and individual socioeconomic disadvantage potentially reiterates for clinicians the broader context for how the contraceptive needs of some groups might not be being met.
In this article we describe the first multilevel analysis of area disadvantage, SEP and contraceptive use in a highincome setting of women aged 16- 
Methods

Sample areas and population
The NATSAL survey was obtained from The Data Archive, University of Essex in Colchester, UK. A total of 18 876 people participated in the survey between May 1990 and December 1991 (63% response rate). 35 A multistage stratified design was used whereby households were randomly selected from the Post Office Small Users Postcode Address File (PAF) -chosen over other options because of its superior coverage of residential addresses in the UK. 36 The PAF was used to select 50 010 addresses from which 29 802 were potentially eligible. Addresses ruled as ineligible were non-residential, residential but empty, demolished or not yet built. Additionally, some residents were classed as not eligible if no one in the household was within the specified age range (16-59 years). 36 Electoral wards were used at the primary sampling units, selected from a list stratified by region, population density and housing tenure profile. One thousand were selected and 50 addresses were selected from each of these. 36 A respondent who was aged between 16 and 59 years was randomly selected from within each household using a method based on the generation of random numbers.
Face-to-face interviews were used because of the complexity of the data sought, the need for careful definition of terms, extensive filtering, the high number of people without telephones and the absence of an efficient telephone sampling method. 36 Around 57% of survey participants were women (n = 10 758). We excluded women who did not respond to the question on contraceptive use (1.9% of the sample), and to ensure heterogeneity in contraception use we excluded a further 3.5% of women who resided in a postcode district where fewer than five women were sampled.
Analysis was conducted with and without women whose sexual activity in the past year was not known (3% of remaining analytical sample). As there were no differences between models, results are reported here for models excluding this group. The total number of women included in our analysis was 9793.
Women excluded from the analysis for the reasons outlined above were older (i.e. more likely to be in the 45-59 year age group, p<0.001), more likely to be religious and attend church services (p<0.001 for both) and have less formal education (p<0.001) (results not shown). Social class was not different for women excluded from the analysis compared with women remaining in the analytical sample.
Ethical approval
This study was approved by the La Trobe University Faculty of Health Sciences, Faculty Human Ethics Committee (Reference Number FHE01/092).
Analytical structure
Data were analysed according to the hierarchical multilevel structure of 9793 women aged 16-59 years at level 1 nested within 646 postcode districts at level 2. Each postcode district had between 5 and 69 women, with a mean of 9.4 women per postcode district. Postcode districts were selected as the geographical unit of analysis because they were the smallest unit into which the survey participants could be divided and smaller spatial units are likely to uncover stronger contextual effects. 37 
Outcome variable
The response was binary (yes/no) indicating women's contraception use in the past year based on the survey question that asked respondents to indicate whether they had used contraception in the previous year and, if so, to specify the type of method from a list including the pill, coil/intrauterine device (IUD), condom, cap, foam tablets/jellies etc., sponge, douching, safe period, withdrawal, sterilisation-female, vasectomy, abstinence, other method. Respondents could select more than one method.
Area level socioeconomic disadvantage
Area level socioeconomic disadvantage was estimated from the 1991 Population Census of England, Scotland and Wales. 38 Three indicators of area disadvantage were selected: proportion of residents within each postcode district from the highest socioeconomic group (SEG) (i.e. who were classified as being in professional occupations), proportion of households who did not own a car (NC) and proportion of households that had no central heating (NCH).
The first of these measures (SEG) was used as an indicator of the likely social and material resources of areas that are derived from having residents who are economically advantaged or being places where economically advantaged people reside. While most indicators of deprivation have measured the proportion of residents in the lowest rather than highest SEPs, we were also interested in resources professionals brought to areas (such as educational and occupational opportunities) or that attracted professionals to reside in areas (such as good quality health care services). Car ownership and central heating have been used in the UK in composite indicators of material deprivation. 39, 40 Measures of area disadvantage were categorised into quintiles from the highest to lowest levels of area disadvantage. This enabled us to examine whether associations between area-disadvantage and contraceptive use were non-linear.
Individual level variables Measures of socioeconomic position
The indicator of social class used in the NATSAL was an occupationally derived variable. The indicator included in these analyses was based on the highest social class ranking recorded within the household within which the respondent was resident. Household social class was selected over individual social class because women in the sample may have young children and, as a consequence, be at home or working reduced hours (i.e. be in part-time or casual employment), which is likely to affect their opportunities for advancement. Occupationally derived social class would not adequately reflect their social class status in these cases. 41 Social class was classified as follows: I Professional (5.7%), II Intermediate (28.6%), IIIN skilled non-manual (22.5%), IIIM skilled manual (16.9%), IV partly skilled (10.5%), V unskilled (2.5%) and VI Armed forces/inadequately described/not classified (13.5%). This was then collapsed into high (I, II), middle (IIIN, IIIM), and low (IV,V, VI) social class groups.
Respondent's highest educational qualification was classified in the survey as being either a degree, higher education or below degree level and Advanced level (Alevels) or equivalent, Ordinary levels (O-levels) or equivalent and Certificate of Secondary Education (CSE) or equivalent, foreign/other or none (not passed any formal examinations at the equivalent of the O-level/CSE-level).
Education was collapsed into higher (Degree, A-level, O-level) and lower (None, Foreign, Other) formal education with around 30% of women being in the lower category.
Sociodemographic variables
Selection of confounders was based on known determinants of contraception use that were also related to social class and area disadvantage in the UK.
Age group (16-24, 25-34, 35-44 and 45-59 years), ethnicity (White, Black, Asian, Other) and number of children at home were included in the model as sociodemographic control variables. We also controlled for religion (Roman Catholic or Muslim, Other), sexual activity in the past year (yes/no) and attendance at religious services (attended once a week or more, other).
Analysis and modelling strategy
A weighted multilevel logistic regression model with individuals at level 1 nested within postcode districts at level 2 was used to assess the likelihood of contraception use in the past year. The parameters of the multilevel model were estimated using MLWin 2.01 software 42 with a second-order penalised quasi likelihood RIGLS estimation method. 43 In most cases the reference category was the most frequently occurring; however, in the case of social class, the high social class group was taken as a reference category to allow for the possibility of observing a gradient. Results are reported as odds ratios (OR) with a lower 95% confidence interval (LCI) and upper 95% confidence interval (UCI).
Model 1 was a two-level model with no covariates in the fixed part of the model (variance components model). This model was included to test for statistical significance of between-area variation in contraceptive use.
Model 2 was a two-level model adjusted for individuallevel covariates. This model was included to test if individual SEP was associated with contraceptive use. The association between social class and contraception use was adjusted for education, whereas the association between education and contraception use was not adjusted for social class as this occupationally derived measure temporally follows attainment of qualifications and is, therefore, unlikely to be a confounder of the association between education and contraception use.
Model 3 allowed the effect of social class to vary by postcode district. This model was included to test if the association between social class and contraception use varied by postcode district. Model 4 included postcode district level variables indicating area disadvantage to test for contextual effects of area disadvantage. The association between each area-level measure and contraception use was tested as separate models.
Results
Of the 9793 women included in the analysis, 67% stated that they had used contraception in the past year. Table 1 shows the frequencies of contraceptive use by the individual-level covariates. Contraception use was lower for women who had lower levels of education (56%), were in the lowest social class group (57%), attended religious services once a week or more (54%), had not had sex (9%) and were over 45 years of age (41%). Similarly, contraception use was lowest in the most disadvantaged
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Multilevel analysis of contraceptive use areas for SEG, NCH and the second most disadvantaged for NC (Table 2) .
Model 1
There was significant between-area variation in contraceptive use (p<0.0001), with an overall estimated probability of contraceptive use of 70% (95% CI 69-71) and range of contraception use between postcode districts of 52% to 80%. Approximately 5% of the variation in contraception use in the null model (i.e. the model with no covariates included) was between postcode districts (p<0.001).
Model 2
Both education and social class were strong predictors of contraceptive use. Women with low levels of formal education were much less likely to use contraception than women with middle or high levels of formal education (OR 0.50, 95% CI 0.44-0.57) and women in the middle and low social class groups were less likely to have used contraception than those in the high social class group (OR 0.84, 95% CI 0.74-0.97 and OR 0.66, 95% CI 0.56-0.79, respectively) ( Table 3) .
Model 3
Random coefficients were significant, indicating that the effect of social class varied across postcode districts in the UK (p<0.001). This suggests an interaction between geographic areas and the association between social class and contraception use, particularly for low-social class groups who had the most variance between postcode districts (accounting for over 65% of the total estimated variance).
Model 4
A significant contextual effect of postcode district level area disadvantage on contraception use was found after individual covariates and geographic variations in social class were included in the model (Table 4) . For all three indicators, women living in the most disadvantaged quintiles were less likely to use contraception than women from the most advantaged quintile (OR 0.75, 95% CI 0.61-0.93 for SEG, OR 0.67, 95% CI 0.53-0.84 for NC and OR 0.76, 95% CI 0.61-0.94 for NCH). For NCH, the probability of contraceptive use appeared to decrease (except of the most disadvantaged group) from the lowest proportion without central heating to highest while the associations between SEG and NC was not linear across the quintiles of disadvantage.
Discussion
This study has a number of important findings. First, there is substantial variation between areas in the prevalence of contraceptive use and the estimate of this variation remains significant even when adjustment is made for the socioeconomic and sociodemographic characteristics of individuals residing in each area. Second, we find that individual SEP is strongly associated with contraceptive use, with women with low levels of formal education or in the low or middle social class group being less likely to use contraception. Third, there is significant between-area variation in the effects of social class, with women in the lowest social class group having the greatest amount of variation in contraceptive use. Finally, area-level socioeconomic disadvantage is an important determinant of contraceptive use, with women in the lowest quintiles of disadvantage according to all three area-level measures (proportion of professional, households with no central heating and households with no car) being less likely to use contraception than women in the most advantaged quintiles. Importantly, this study indicates contraception use is not equally distributed geographically across the UK. A large part of this variation is due to women's SEP and sociodemographic characteristics, but socioeconomic characteristics of areas are also important. In addition, we found evidence that the association between social class and contraception use varied geographically and there are small but significant contextual effects of area socioeconomic disadvantage. Additionally, the significance of associations between area disadvantage and contraceptive use (for all three indicators) suggests that there are structural or social aspects to more disadvantaged areas that may result in a lower likelihood of contraception use for women residing in them. This supports the argument that women's contraceptive behaviour is associated with the area in which they live in addition to their personal circumstances. Having established that area disadvantage is associated with contraception use, further research -perhaps of a more qualitative nature -is needed to ascertain how the socioeconomic characteristics of areas may create barriers to contraception use for some women. Also, the contribution of distance and access to services might also be considered as a determinant of contraception use in the UK. It is likely that some of the association between area disadvantage and contraception use evident in these analyses might be explained by geographic variation in service access and distance to services.
Strengths and limitations
This study is a large national study with multiple indicators of individual SEP and area disadvantage. It is the first of its type and has produced interesting findings about the associations between area disadvantage, SEP and contraception use and geographic variation in some of these relationships across the UK.
However, the analysis had a number of limitations. First, it was based on cross-sectional data, limiting our ability to make causal inferences. Second, postcode districts have been characterised by one dimension -area disadvantage, using relatively crude indicators. These indictors are proxies of socioeconomic disadvantage but they do not tell us what it is about these disadvantaged areas that make contraceptive use less likely. In addition, other area-level characteristics such as area-level social capital or access to services may be important. Third, we have relied on administrative units as our geographic units for analysis; they may not be the unit that corresponds to residents' own sense of place. 44 This is likely to lead to more conservative estimates of associations. Fourth, these analyses are based on data collected in the early 1990s. They, therefore, provide baseline estimates of associations between area disadvantage, SEP and contraception use before policy initiatives introduced in the United Kingdom in 1999 that aimed to reduce teenage conception rates. [31] [32] [33] As the NATSAL survey was repeated in 2000 and 2010, it would be valuable to explore if observed associations between area disadvantage, SEP and contraception use have changed -i.e. if policy that aimed to reduce conceptions specifically in teenage populations had wider impacts on contraception use in the general population of women. Fifth, as we have an overall measure of contraceptive use we do not know whether the area differences observed apply to particular methods of contraception use.
Conclusions
We have shown that in the UK contraceptive use is associated with individual SEP and area-level disadvantage and that there are statistically significant differences between areas in the use of contraception. Furthermore, we demonstrate that the association between social class and contraceptive use varies between areas, particularly for low social class groups. These findings suggest that both the socioeconomic characteristics of individuals and places are important determinants of contraceptive use. Policy on contraception use should take a broad perspective on factors associated with contraception use rather than be focused on single strategies such as increasing sexual education in target groups (such as teenagers) or increasing access to contraceptive technology.
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